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Heuristic RT concepts having no place in physics

Matter interacts with radiant energy rather than with the electromagnetic field

What propagates in space is electromagnetic energy rather than 
electromagnetic waves

Multidirectional propagation of electromagnetic energy occurs in the form of 
radiance 

Radiation fluxes are multidirectional

Electromagnetic radiation consists of “incoherent pencils of rays” or streams 
of localized point-like particles of light called “photons”
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Fundamental physics 
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Well-collimated radiometers
A well-collimated radiometer is not 
an electromagnetic flux-meter. It 
operates in the wave domain rather 
than in the energy (or Poynting-
vector) domain.
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Maxwell equations
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Reading of a well-collimated radiometer 
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 Far-field approximation
 Ergodicity 
 The Twersky approximation 
 The ladder approximation
 Statistical randomness and 

uniformity of the cloud
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Radiation-budget problem 
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RT vs. T-matrix

N = 4050
kr = 2

m = 1.31
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RT vs. experiment
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10%
reff = 350 ± 15 nm
m = 1.196 ± 0.04
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Real clouds



13

Sergei Rytov and FDT
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Order-of-scattering expansion
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Separation of scattering and emission problems
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Conclusions
 The RT theory has been derived directly from the Maxwell equations in the 

case of elastic scattering.
 Limited validation of the RT theory vs. the T-matrix method and controlled 

laboratory experiments is promising.
 However, no general validation has been performed, and it is unclear 

whether it is even possible.
 Quantum fluctuational electrodynamics provides a unified theoretical 

description of elastic scattering and thermal emission.
 The scattering and thermal-emission solutions are completely separated.
 The order-of-scattering expansion of the thermal-emission solution should 

pave the way to the fundamental derivation of the generalized RT theory.   
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Supplementary slides


